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ABSTRACT

Pressure distributions and boundary-layer data Were obtained

on _hree different diameter models used for afterbody studies in

the Lewis Research Center 8- by 6-Foot Supersonic Wind Tunnel to

determine the quality of the local flow approaching the afterbody

region. The support methods fox' these models included sti_g mounts

and various types of support struts appropriate for jet-exit models.

Data were obtained, at zero degrees angle-of-attack and Maeh numbers

from 0°56 to !.o5o Afterbody pressure drag data and the effects of

boundary-layer momentum thickness on afterbody pressure drag were

also obtained on several model.s for 15-degree conical boatts.ils

with jet-boundary simulators°

SH__IR Y

Pressure distribution and boundary-layer data were obtained

on three different diameter models used for afterbody studies in

•the Lewis Research Center 8- by 8-Foot Supersonic Wind Tunnel to

determine the quality of the local flow approaching the afterbody

region. The support methods for these models included sting mounts

and various types of support struts appropriate for jet-exit models°

Data were obtained, at zero degrees angle-of-attack and Maeh nun<hers

from 0.56 to 1°5. Afterbody pressure drag data and the effehts of

boundary-layer momentum thickness on afterbody pressure drag were

also obtained on i5-degree eonical boattails with jet-boundary simu-

lators.

Installation effects were generally minor at subsonic speeds

for a].l models tested. The largest installation effects occur, red

at Math numbers between i.I and 1.5 and were the greatest for the

strut-supported models. The single-swept strut provided the least

distux(bance of a],! of the strut systems tested a_d should be con-

sidered for cold-flow jet-exit models_ The strut-supported model

currently being used at the Lewis Research Center provided boattail

pressu_e drags that were relatively free from installation effects

outside the low supersonic speed range. In general9 increasing
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boundary-layer momentum thiekness _esu ....ed {*_ ........................

pressure-drag coefficient_ partieul.arly _t _ ._::,.......s'_/}.)son:i.c sDee_Js,_

2

INTRODUCTION

The Lewis Research Center is conducting wind tunnel programs

to study the performance of exhaust nozzles for, trb-ee_tBin p>opul-

sJ.ol-!systems (ref. i-4)° As part of this effort_ p_esou=.e-drag
"-_Yeb<_gacteristics of various afterbody shapes have bee...1investigated

on isolated nacelles_ both With and without a jet (ref. 5 and 6)

under a simulated wing (ref. 7)_ and on nacelles mounted at the

trailing edge of a delta wing using a model of the F-106B aireraft

(ref. 8)o During the course of these studies_ it was observed that

pressure drag of geometrically-similar boattails was influenced by

tunnel i_stallation techniques and by geometric features of the

model forebodies. In most wind tunnel tests of exhaust nozzles_ it

is particularly difficult to obtain interference-free data since
_ v..qLll _6_jet models: usually preclude the use of a support sting and r,-_ "-._

a supporting strut ahead of the nozzle° Th=_,e _- _uts can be rel.ative]y
houoe instrumentationlarge since they must support the model and " _

and air lines. Details of the design of support struts become im-

portant since they are a source of disturbance to the local flow field

approaching the nozzle. Thus_ comparison of boattail drag and nozzle

performance from different wind tunnel programs and facilities be-
comes difficult.

To illustrate the problems of support interference on jet exit

measurements_ this report presents pressure distributions measured

in the 8- by 6-Foot Supersonic Wind Tunnel for three different diameter

models. The support methods for these models included sting mounts

and various types of support struts appropriate for jet-exit models.

These distributions indicate deviations in the quality of the local

flow approaching the nozzle which vary with support method. Data

are presented at zero degrees angle-of-attack at Math numbers from

0.56 to 1o5o In addition_ boundary-layer data and its effect on

the afterbody pressure drag of 15-degree conical boattails with jet-

boundarysimulatorsare alsoprese  edori al!y,the boatt[ilpressur 
drags measured on the je_-exit mo_l currently in use at th_ Lewis

Research Center are compared to those obtained with a small diameter

sting-mounted model°

SYMBOLS

A area

e chord

CD drag eoeffieient - drag/qOAma x
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diameter

l.en_h

Maeh r__umhe_

st:-:_.tic pre_}_s,_).re

dy:_amie pressure

radius

thiekne s s

ve].oeity

measurememt pa:<',_.]_].e!to model axis

r_dJ.al distamce from model surface

bomnda:ry-!_ayer- mome<_tnm thickness

i.___crement

Subscripts

max ms_:,<im ur:_.l

/_ br_at< a i]

0 free -stream

APPA!?&'2iPlS AND PROCEDURE

A su_m_ary of all model configurations is shown in table Io

Four basic models were evaluated for this test: (i) a sti_J.Z-

supported 10o!_ em diameter model_ (2) a sting-supported 20°32 cm

diameter mode]_ with two swept dumbly struts_ (3) a sting-supported

20.32 em diameter mode], with and without a sin_!e-swepr dummy strut_

and (4) a 2]..59 cm diameter single straight strut-supported model..

The latter model was desiz]-led for testing with and without a eol.do-

air jet and is the mode], curre__t!y _eing used at the Le_7_s !{ese,:_.__(_ch

Center to meg.su.z_e the thrust ,rain<Isi_rag characteristics of var:d.ous

nozzle cono.ents (eo_._ refo ].-9).



Figure i shows the tunnel installatio_ a)_d zin_str'umentation

details of the 10.16 cm model° It lind __ 10 <ie_S_'<_ehalf-angle

conical forebody, and stings having diameters of 0°405 and 0_,GT0 dma x

were used for model support. The sting with diameter equal to

the model base diameter of 0.670 dma x was used with the boa ttail

afterbody to simulate the jet boundary that would exist with an

exit-to-local-static-pressure ratio of 1.00o Figures l(a) _ l(b) ;

and l(c) show schematic diagrams of the 10.16 em model with cylindrical

sections ii.53 dmax; 6.55 dmax_ and 4.72 dma x in length. Geometric

and instrumentation details of the cylindrical afterbody and eonieal

afterbodies are shown in figures l(d)_ l(e); and i(O. The eylindrieai

afterbody was used to evaluate the static pressure environment of

the afterbody region as influenced by terminal shock waves; wail-

reflected expansion and compression waves from the forebody; and

wall-generated disturbances. Two i5-degree conical boattails were

investigated_ one had a sharp edge at the naee_'le juncture; fig. l(e);

and the other had a 0.50 dma x radius of curvature; fig. l(f). Both

boattails had a ratio of base diameter to maximum diameter of 0.67.

The instrumentation of the rearward-facing portion of the afterbodies

was area weighted in order to facilitate the calculation of boattail

pressure drag. The method of instrumentation and calculation is

described in detail in reference 6. The instrumentation along the

cylindrical portion of the model is shown in figures l(g) and ]_(h) o

Figure 1 (i) shows details of the boundary-layer rake which was used

to survey the local flow field ahead of the afterbody region and to

measure boundary-layer thickness and momentum thickness. The boundary-

layer survey Blane was located 0.25 dma x ahead of the model-afterbody

interface. The model was tested in a test section with 3.1 percent

porosity walls; and model blockage was 0.18 percent.

Figure 2 shows the tunnel installation and instrumentation
details for one of the 20.32 em models. This model was sting sup-

ported but used two dummy struts mounted to the tunnel side walls.

These struts were representative of those required for support of

a cold-air jet-exit model of the type described in reference 9.

The model forebody was a 10-degree half-angle conical tip followed

by a 24.74 dma x eireular are; overall 1/dmax of the nose section

was 5.0. The dummy struts were swept back at 45 degrees with a

thickness-to-chord ratio of 0.09. The leading-wedge total angle

was 15 degrees ; and the trailing-wedge angle was 22054 '. Figure 2(a]

shows a plan view of the model with cylindrical section length of

11.64 dmax- Figure 2(b) shows the cylindrical afterbody that was

used to evaluate the static pressure environment of the afterbody

region. Figure 2(c) shows the static pressure instrumentation on

the cylindrical portion'of the model. The test section wall porosity

was 5.8 percent for this installation and model blockage was 0.73

percent; exelusive of support struts; and 2.58 percent with struts.
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Figu:_e 3(al) _.£_::,,,-,,s the i:un.!:!_, _ instaii_!::._o/_, of the i<:_,::_:_-_d 20_32 em

mode:].. This model, c,,s.s _ ::it:iuS.s,_l,_poz'te,i. (::{_a_ cylinder wiii.b. :: ]..5-

degPee -ha!f.-._:-:.ngSx cenf('_. -{:..:<ahodyo f'iguz.e 3(L) s}:;.o_:,.;,-: i:it._: :i:_tsi::eu.-.
mentation d.el::_i].::_ Of t:_e mod.ei° Static'. press',H._e orii[ie@:&:, ',w<hpe

located ai.c_nt; the cy]._dPieal, portion of "the model at 90 ° and i80 °
from the veN::i:c_.] centerl, iN.eo Pressure ori.fiees loeat:__d e.t the

stru,[: attachment: :!'esion were not used when £he strut was installed°

The model. %,}.. @sted with and without a single-swept_ f]_oor-mounted

dummy sti:"_.:i_::which also was representative of t:hat required for

supi_ort of a cold-air jet-exit model, The strut was swept at 30

degx]ees and the thieRNess-to-ehord ratio was 0°0673, Leadi,r:_g and

trai]_.ing-wedge angles were 15 degrees° The model, was [tested with

a test section wall porosity of 5.8 percent. Model. ki.oek_.ge was

0.73 percent without the strut and 1.86 pereent with the stp_ito

.._e tun_]el!....._°_t_.L_._.t±on and instrumentation details of the

2!o59 cmmc, del are s_....<m._li}t_figure 4o Use of this model eonff_ira-

tion ii_ je[,_.exi[ tests is reported in references i to LIe The model.

f_.,_e__"-'_dy was _, tange:_.t ogive with a.n i/dmax_ of 3°0o ']?he model..._was

supp]rted by s. single straight strut with a thX.ekness.,.to.-e]._ord _._s.t_o

of 0°035° L<}<,'_i[:t._g and trai!.i)ng-wedge angles were i0 deg_oeeSo The

model cy].A@dPi.<'a], section !enzth was i3o15 dmaxo Although a st.,pp,'x_t
__._. tested with a simu-sting was -r(t ci.sed_,the besttailed afterbody _....

Lated jet with a diiameter of 0.670 dmax Figures _4(b) ,_,_i _.(e)

show the aftex%_ody geometries evaluated with this model° The L.')_:_.t.tai].ed

afterbody we:.s geometrically similar to that tested on the i0o15 era

mod.el_ _o.._,.was ipstrumented in the same manner, Fi_dre !#(d) shows

the stat_c p:[<essuPe instrumentation along the ey!indrical, po_'tio_ of

the mode], at 0_ 90,. at_d i80 degrees from the vertical center].ineo

Der}:_.i!s of the t-_oundary.d.ayer rakes are shown i.n figure _.(e)o Three

rakes were _!sei to s_.irvey the boundary layer just ahead of the end
of the mode].° The model was tested in a test section with w%.l.is of

5,8 pe:Pee__t poPosity, Model b].0ckage was 0°82 pereent_ exc].usi.ve of

the suppo:t..[ st_'_it;, arid i°93 percent with the strtzt.

Pressure distxq.lbutions on all the models were ratioed to a

<:<__',,m.p_,."'_-_=...._,']',_,,..o:£ free-stream star ie pressure o,P0_ ups_._re':,__._..<.....of the

mode], nose. ]in pri©r ealibx'ations of this tunnel (refo 1.0 and ii)

a re].atiomship __as determined between the operational va.:Pi.ab].es

(eomp:_.'ess©r, speed_ f].exible nozzle position_ second throat positic, n_

and p].enom db.aKiber suetion pressure) sueh that the flow was most

•_._ni.:formeves the lens-th of the test section and so that model pP[-_s-

sure distriLurions most nea._.'ly matehed those of flight vehie].es. For

each of these tunnel settings_ the free-stream Haeh number was

d.ete_:mi.ned from the ratio of an average tunnel wall static pressure

(Hear the beginning of the perforated region) to free-s'tre_m total

pressure° At Mac]:, numbers below 1.5 it was determined that this

total pr.ess_.:_'ewas eq<ta], to the average tunnel bellmouth total px_es-

sure° in subsequent testing of research mode!s_ the free-stream
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Math number is controlled by this prior calibration of the tunnel

operational variables. The free-stream static pressure is computed

from the measured bellmouth total pressure and the isentropie

relationship with free-stream Math number. Although a measured

wall static pressure could also be used_ it is sensitive to flow

disturbances from the nose of the research model_ whereas the

measured bellmouth pressure is not. Therefore_ the computed value

is regarded as being more reliable.

RESULTS AND DISCUSSION

The pressure distributions on the four models with cylindrical

afterbodies are shown in figures 5_ 6_ 7; and 8. Data are shown

over the length of the model from the cone-shoulder juncture for

the sting-mounted i0.16 em model and aft of the struts for the

20.32 cm and 21.59 em models. These distributions are used to note

the magnitude and location of disturbances on the models by comparing

local pressures to free-stream static pressure. The afterbody

locations are indicated on the sketches at the top of each figure

to facilitate a comparison of disturbances in the region of the

afterbody over the range of Math numbers tested.

The pressure distributions along the 10.16 cm sting-mounted

model are shown in figure 5 at several Math numbers. There were

no major disturbances at the subsonic speeds as indicated by the

flat pressure distributions in the vicinity of the afterbodies. In

general_ the pressure downstream of the shoulder recovered to 0.99

of free-stream static pressure. A decrease in pressure can be

seen near the aft edge of the model; however_ as indicated in

reference 10g this is a normal decrease resulting from flow expansion

around the model base. At Maeh 1.0 the terminal shock appears near

the location of the afterbody on the shortest (4.72 dmax) model.

Identification of the disturbances on the figures at Math numbers

greater than 1.0 were obtained from calibration data for a similar

10.16 em model reported in reference i0. Results at Math 1.0 and

Math i.i indieate that the terminal shoek would be located near the

afterbody of the intermediate (6.55 dmax) model at Math 1.05. At

Math i.i_ the terminal shock is positioned near the afterbody lo-

cation of the long (11.53 dmax) model. A tunnel wall disturbance

was observed at the afterbody location of the 4.72 dmax and 6.55

dma x models at Maeh 1.2_ and the 11.53 dma x model at Maeh 1.26. No

major pressure disturbances were noted at Math 1.37 or 1.47. In

general_ the magnitude of the disturbances are not large on this
model and varied from 3 to 5 percent of free-stream static pressure
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at Hath Fumbers Zr'{--._!.:e:i?th_.,:_i._0, ']-he y_-.'-ak¢i:i{:_tu_ba:_.-_e@occurred at

of l_0 a_:!:_:d]..°3 c<?.:i.}i.db..< -i_f}.u_need by {:_.L,.me[kdistu<ob{_.._:'_c:c_:}t<_ some

ext:e}-]t k_(._[:t.h(}.ses._t:<,,!:{:_.erHath nu._e.rs are not° Becai..,_seof these

results_ d:_:T.Z !:__._-:_!i_<._}:<_<:-dwith this mode];, for boattailed _-_.fserdbodies

with je_>-bo:._<_ds.:.<ysci:{:r__L{._tox_swas considered to be cempa?_.tively f:_,ee

of extrs,_<_.eo<:s :{:_-_._:_':-].}kationeffects,

model witlh _.-.._dwi.tho:ii_.tdou_ie-swept struts are shewn i._;_£i_re 6,
....e ..........,< = O is about :0,65 model dia.rr,eter_sThe z_f./.Jf'e/_J._x.:_. st_{tion for x

downS_:r.'ea:m ,::<[:the t_'_{_iiiin_zedge of the strut, Due to _:ts l.ength;

the af{: pi<y,%i<_:'_of the mo¢iei extended into a region of the test
section _--h._d_ an de_sc<e_hed in references l0 and i]._ is influenced

Ly __ su.l_so:_Licf_!.ow _-s_.cce].eration. This flow _,c_el,erat_o_ results in

a 'd.__c.............in :_.:ft_.e:<Zt<<_rme], pressure and a co_esp<,ndmng pressure

g._:c_._.:_:._. :._ m_:_,de]..slocated near the end of the test section° .As

des{:::_Ji.bedim re:fe:_Tenee 1]._ contmol of this aft-end flow aece!era-

tio<_ _s_..,,_._]bee:{_g_r_ed by vaz,y.i.ng the tunnel second throa_ in eon-

jun.e<ion with _.]he p[kenum Chamber suction° By vs.rying these .parameters

at. a giv_<<, ]Yb.<%__n_.mk_e_:'_a se:_:,ies of tunnel, settings were determined

(m-c_d_3_",e._._.-ot_<_::e.r_ted..............i.:.nrefo ll) that resulted in more uniform pres-
sure di,_:.'.t:r.'i]bi_,[:i<imsoy_ a series of calibration models that extended :

i.<rto i.h_" aft. .-2egi,.:_:of the test seetion. These same tunnel settings

were th_n ,.Es+.dwith the 20...32 em model. As indicated by the flat

p-_.e<"s,_,_dist.:o<_b!].tions i.n fisT_re 6_ these tunr_el settings resulted

in f'_{v<:,?,_<h].ep:_essJ_re dist:_iBution at the subsonic speeds, No major

pre:sS:u:_e _s.r.u..rbances we:_,e noted for Maeh numbers up to 1,05_ and

the F,-'es_i:<u.F_supst_eEm of the afterbody were between 0°99 o:f free-

stream........_.:._t_._:;__. ._L:<_{{:f?:_ee-stream static, .Since strut effects on pres-

su:r>e dist_.dLut]o:r_ were small at these low speeds_ results are only

,j- .. ,,..... .sho_mJ _},Ti'[:h......_<:[s. T.t m_ost be noted_ however° that these results

do not: :_,ef]_e<Ttthe m._.oss_.._}]e.,.<L_ effect that _he model struts might.... hs_{,e

on the bou_d._:._:.{_' i<ye:_) Which was :not measured on th_.s model. Large
dist,._SR_or_,a___swe:r:_eoh_served e.t Math numbers from I.i0 ....thr'o__gh ].o27

wLt?_,,the st:r>uts° These disturbances were as much as

20 p__.z....._.,.t.of :_:_:.ee-st:_.,esmstat:ie pressure and appear to be t-he

gz_:._.t...st._t° :v_:7_ _.:._.._n....,ersi°1 and 1.2. It is probable th__t a].! aftez,-

body d*"_'._.,.__d[{.t_ olUtaiT]_ed a._._o'veMaeh 1.05 are influenced_ by tunnel, and

model _ °,t...,.r,......._....._;.L-,.........<,:.._.<.esto some extent. Without the struts_ the ma._itudes

0 f '"-"-+.........h'":"- -_'dJ.s ......_.:.-........_=_ __',_-",_-_..__.._.le_:_s _,.nd their ].oeation w_.s dispiaeedo At

highe:_:_ :,v_._oo_,_.,._:_numke:_:_s_ the disturba_ee effects were diminished and

the add.itJ.o<_,of st_r_uts did not produce a major effee:t..

!-'i_;;o:{,e7 sh<;w8 the static pressure distrib_t:ion o:s the 20°32 em

mode], with aT.d wit]:..o<:,_'ta single 30-dezree swept strut at th.e super-

s.<mie R{_.dh _:.__:o__C;e:_:_SoDowz_stmeam of the strut !oea_ion_ the pz,ese..n,ee

of the s-t.:F_-_..t.:h_{d _. :_:__].ative!y small effeet on the pmessure distribu-

tionso The n';<Z__,.it,._.desof the pressure disturba_i.ees were suBstamti&].].y

less tha_ <h<_ d:t,:_kie struts o:C figure 6.
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The pressure distributions along the 21_59 em single straight

strut-mounted model are shown in figure 8. Due to the length of

this model_ the technique for setting tunnel conditions described

in reference ll was again used at subsonic speeds. As seen in

figure 8_ these tunnel settings resulted in favorable pressure
distributions aft of the strut at the subsonic speeds. The maximum

deviation in the region upstream of the afterbody juncture is

observed at Math 0.9 where the pressure level is approximately

0.98 of free-stream static. No major pressure disturbances were

noted in the region of the afterbody at speeds up to Math 1.0.

At the higher speeds_ results for the 20.32 cm diameter sting-

mounted model are again repeated for reference purposes to indicate

strut effects. With the strut_ large disturbances were present

at Math numbers from 1.10 to 1.46 with magnitudes of 8 to 19 percent

of free-stream static pressure. The disturbances with the greatest

magnitudes were observed at Math numbers 1.20 and 1.26. It is

probable that all afterbody drag data obtained at Math numbers from

1.10 to 1.46 are influenced by model and tunnel disturbances. The

general magnitude of the disturbances in the supersonic region was
about the same for the 20.B2 cm double-strut model and the 21.59 cm

single straight-strut model_ although the location of the disturb-

ances was different for the two models.

The magnitude of disturbances measured on each of the models

over the range of Math numbers investigated is summarized in figure 9.

For the sting-supported models_ only the pressures on the last eight

model diameters of length were considered_ and for the strut-supported

models_ the last three model diameters. The two sting-supported

models generally had minor disturbances throughout the Math number

range. Both the single-straight strut and the double-swept strut

showed large disturbances at Math numbers from i.i to 1.5. The

single-swept strut appears to be the most attractive of the three

strut configurations for supporting cold-air jet-exit models. The
maximum disturbance for this model was less than 10 percent of

free-stream static pressure. This was not much greater than that

obtained with the sting-supported models_ which had maximum disturb-

ances of 6 percent of free-_tream static pressure.

The afterbody boundary-layer characteristics for the 10.16 cm

model are shown in figure i0 and are relatively insensitive to Math

number. The boundary-layer thickness was taken as that point where

the local velocity was 99 percent of the maximum velocity at the

end of the rake. Typical boundary-layer profiles for the three

model lengths are shown in figure ll. These profiles are compared

with a 1/7 power profile as shown by the solid line and indicate a

fully-developed turbulent boundary layer. The 21.59 cm model

boundary-layer characteristics are shown in figure 12 and are also

• • _ ¸•••¸i
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inse?:3.sitiv.::!:o i!{{'_,:]_<',;.;_<_:<,:: .].] _0'}:_Tt_,._'rb_:;<;=;}the ],ouT_d_.ry layer

strut_, i:.h<s r_._s_._.]..-t-i]:<<i.ic,<_t_:_[-h_.t the str.,_t does influence the flow

ove:_? the a ft<.t:b<dT,,,::-,./e:cLt]hc<c,.zhthe effects are not reflected _.n the

local, sta?kc ]<_re:_;:..;..re di_{tr_butions, A typJ.ea]_ bou.ndar_?.-]ayer profile

_,_ithe 2io_)9 o:(__(;_d._,<{.:i.sshow;u in figure 1..3for the _,al<e at ].80° and

Ma.eh <}",:';,__;h<• <}_;o T]his p'_<.:of'il[eis also eompa_.<,ed with a 1/7 power

pr:::{;i]_.e_=.7:<:_.<_..ls<}ind.ics.tes a fud.ly-devel.o]_ed turbulent boundary layer.

.... b o t.{ludary -._, _.y _ .P mome nt u_

•f:hi ._,_-,.ess t:,.. ::!._-_,:.:_,:for t;he ]..0o]_.6 cm model and the 21,5!_ em model fur

the rake at i.90 c_eg:_e<:So t<he momentum thick:aess w_.s d.eterm_.ned
ib_._{_ed o:c_ t:he ].<'.._;_,'<;:.c::_-ad.iti<,'.n.s a.t the outermost probe of the rake

:÷;._,_vmJ;<_g c.ot._t:_:_.:::d: t:c_;=_.]. te:m;oe:_._a,ture and co_lstant static pressure

.;t:h:_:,oc,'_gh the hc,<_._::_d_<_y ].aye:to tn figure i5 the ef:feet of bounda.ry-
]._::\_:::]?m,7:'r_}:?,._;_:.:TM t[[{(k::ncss o7_._oatta.il pressure dl¢_g is su_arized

:f¢_._-t]:u_:_i.!)o.L.-__<m mode].° Data are presented for boattails with radius

z].m_._.e,tor,. at Fb_ch numbers from:_(-_:t:i,<_:'s of 0 _:;.nd 0o5 __d ,jet:.-,Loundary -" " _ , " s _ ..
0.6 _:o ;!ot)o ;!;;,_%<_;-:.x."._._;.;isop.<eesented without the jet-bot:;nda-,_-W simulators

but _x,'_tb _,[_.<_f;i;._.v]:,::ig<_.d:iameter of 0_4.05 dmax, The differences

i:._. Lo,::=.tt:ail.d:_'u.g f,._.,:'the differ-ent sting sizes and radius ratios

were expected '::.<:_d_.:_:'ewell. doeumented_ for example in reference 6.

;iinge::_e:u(::]._fc:e <<):_:f'_gurat:ions with the same sting size relative to

model[ diamete:<' a_.:<_dsame radius ratio_ increasing the ratio of boundary-

].a.ye_.'m.9.me]:._.tctmbhiek:o.ess to model diameter reduces the boattail

p:_ess_.:ee,d:_?_=.g<<_eff.iciento This effect was generally larger for

the t:h.:h::_:<.'_<_:<_ _<].{._es <_f momentutm thickness and decreased for thicker

va].ues of mome<]to_m-t.hiekmesSo The largest effects were observed for

_'].'.e..h...........'_ ......_ o .

!\.c,_mp{_.:cd;-5o:;-_i;_.rtv{:ee;q:b<<_].itai].pressure drag measured on the

2!o59 c;:u:cr_._de]..<:'.nd.the ;i.oo_:<gest10.16 em model, is presented for' a

ra:a.g_ of _<ia.<:_h<t!_._:%ersin :figure !6 for a 15-degree eoniea.], boattail

a;<:d ]_eto<t:<,t_.ndarysimuTi.s.t<-r__soAs mentioned previou.sly_ the 21.59 em

mode], is <:<;:<<_'e?:_t].y]=._ii<,.gused at the Lewis Research Center to evaluate

th<_ t.L_:;:st_,m:iL<_r__.s-d:r{-._.gch_.:_:aeteristics of various nozzle concepts for

a.i]?Lre:-d/b:i<:gp:_:_0pu].s:ionsystems° The st_ng-supported i0.].6 cm mode].

p:_<-_?id._-.d+.L'.e_:{_._<::t:_,i!<:__tio<_ with the ].east disturbances over the Math

<,,.umbe:?:_,:-,.;;,g_i_vest_.gatedo it is felt •that the Boattail pressure

dr_,:.gm_j,_s,.:_re.i',_<::]?ththis m{'_de],would be relatively free of both model

a].:tdt:m_:t_.::-_;iI.i:<:<st_,.;,..].<:_.tioneffec!tSo Its drag is_ therefore_ presented

and used. <<s _-_.]>asis for assessing the installation effects on the

].a:___ge:h_t:e:d-._-_,_;.p:_3c.;e_:_ j <.:t-exit model o It should be noted •that t[he

me<-_.sc::_:,e_i__!;>me_,_be_mt.hiek?.':_essa_pproaehing the boattail on the 21.59 em

mode]. :[;._ g:_:'e&t.<,_,_ th<7."_,, t:]:_a.t: measured on the long i0_!_ em model.

F.'_owev_:r_the :'_..:_s<f]._spresented in figure !5 indicate that both of

/: •• i L/
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these configurations are in a region (@/dma x f/ore 0_012 to 0.022)

where the effects of momentum thickness are relatively minor.

The results presented in figure 16 indicate that the boattail

pressure drag measured on the larger strut-supported jet-exit model

agree favorably with those measured on the smaller sting-supported
model. Both models indicate a sharp reduction in boattail pressure

drag at a Math number of i.I as the terminal shock passes over the

boattail. It is concluded_ therefore_ that the jet-exit model

provides external drag that is relatively free from installation

effects_ particularly at subsonic speeds.

SUMMARY OF RESULTS

Pressure distributions on three different diameter models used

for afterbody studies in the 8- by 6-Foot Supersonic Wind Tunnel

were obtained to determine the quality of the local flow approaehing

the nozzle. The support methods for these models included sting

mounts and various types of support struts appropriate for jet-exit

models. Boundary-layer data and the boundary-layer effect on after-

body pressure drag for 15 ° boattails with jet-boundary simulators

were also obtained. Also boattail drag measurements were compared

for several models. The following observations were made:

lo At subsonic Mach numbers_ static pressures measured

on all models tested were generally within 1 to 2

percent of free-stream static pressure. The peak

static pressure disturbances were obtained at
Math numbers from i.i to 1.5. These disturbances

were within 6 percent of free-stream static pressure

for the sting-supported models and as large as 20

percent for the strut-supported models°

a Based on measured static-pressure distributions_ the

single-swept strut provided the least disturbances of

the three strut systems evaluated. It would warrant

serious consideration as a support system for cold-

flow jet-exit models.

o The strut-supported jet-exit model in use at the Lewis

Research Center provides boattail pressure drags that

are relatively free from installation effects outside

the low supersonie speed range.

4. In general_ increasing boundary-layer momentum thickness

resulted in reduced boattail pressure-drag coeffieients.

<% H
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TABLE Z CONF_GLIRATI ON SUMMARY

i

2.0 ° CONE

I ST R,UT

NONE

MODEL

g_. 5"3

i
(o,EE

AFTERBODY

C_YL }N DRIC_..AL

15.0 SHARP

IS ° RADIUS

CYLINDRICAL

/E o 5HARP

IS"° RADIUS

CYLINDRICAL

ClRCULAR-ABC

30 ° CONE

_TANG EN'FOGIV(

NONE-

IE ° SHARP

15 ° RADIUS

CYLINDRICAL

CYLINDRICAL.

CYLINDRICAL

CYLINDRICAL

15 ° SHARF'

• _))!i
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_r -"'2_

_) Inter_,ediate model. Model length, 6.55 d max.

FiEu_ i. Installation ar_ instzzu,entaTion details of I0-15 cm (d max.) model.
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(g_ Dody static pressures on long model.

[h) Body static pressures on intermediate model.

Figure i. Continued.
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{a_ Installation in 8- by 6_Foot Supersonic Wind Tunnel.

Figure 2. Installation and instrumentation details of 20.32 em {dmsx.'; double swept
strut model.
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(b) Cylindrical a fterbody.

Figure 2. Continued.
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(c) Cylindrical body statie pz_ssures.
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Figure 2o Concluded,
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(a) In_tallation in 8- by 6_Foot Supersonic Wind Tunnel.

/

Install_tion and instr%%mentation details of the 20.32 em (d msx.) single swept
strut model.
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(a) IPartallatlo_ in 8- by 6_oo_ _t_pe_onle Wind _I. /

F/4_u_ 4. In_tallat/_n and Instm_entstion details of 21,59 em (d max.) model.
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